Abstract. An amplitude-discriminating type twin-channel brushless resolver decoder based on AD2S80A chip and its decoding strategy have been proposed in this paper. The decoder uses two AD2S80A chips as resolver-to-digital converter(RDC). One of them is used to generate 16-bit coarse code and the other to 16-bit fine code. Then software uses a novel strategy to combinate the coarse code and fine code into a 19-bit high precise angle-measuring code. Finally, an experiment has verified the strategy which is practical for high precise angle position sensing.
Introduction
With the development and wide application of servo system, high precise angle sensors are more and more required to fit the system performance [1, 2, 3] . Resolver is a kind of high precise electromagnetic induction angle sensor. Also it can be used as angle velocity sensor, indirectly. In order to promote the precision and reliability of the angle sensor, amplitude-discriminating type twin-channel brushless resolver is used frequently in modern servo system. Because of the fast development of space robot for non-cooperative spacecraft [4] , high precise locating abilities and ultral low speed, which could even achieve to 0.5°/s [5] , of the robotic joints are more and more important. What's more, the environment of outer space is so harse as to photoelectric encoder is not always the best choice for being as angle sensors. Resolver can operate in the harsh space environment. Amplitudediscriminating type twin-channel brushless resolver, which is electrically isolated through the ring transformer, can produce four groups of analog signal which are coarse sine, coarse cosine, fine sine and fine cosine, respectively. These analog signals will pass through the hardware decoding circuit based on two AD2S80A chips and become into two groups of 16-bit digital codes. Then the micro control unit(MCU) can read them and use a proposed code correction strategy which is called FCH2BCA in this paper to produce a n combined 19-bit digital angle code that can achieve about the resolution of 2.47 angular second.
This decoding system is a hybrid system that has the merits of converting rapidity and simplicity. There is no need for complicated arctangent calculation and extra 19-bit code correction circuits. It's practical, economical and efficient to use this angle decoding system in just like robotic joint control and other high level sevo control systems.
Principle of Amplitude-Discriminating Type Twin-Channel Brushless Resolver
The electrical principle of Amplitude-discriminating type twin-channel brushless resolver is illustrated in Fig.1 . The resolver consists of resolver transmitter and ring transformer. Ring transformer consists of two wingdings and their iron cores which are called stator core and rotor core respectively. One of the two windings is called primary winding which is wraped around the stator core and the other is called secondary winding which is wraped around the rotor core. That corresponds to the wingding A and B in Fig.1 Resolver transformer is a transformer whose secondary windings can rotate spatially. Firstly, the sine excitation signal is injected into the winding A and excites a magnetic field in the air gap and iron cores of the ring transformer. Because of the concentric installation of the primary winding and secondary winding, there is a sine signal in the secondary winding B with the same frequency as the excitaion signal. Then, the signal is synchronously transmitted into the winding CD and JD, which will excite a magnetic field in the air gap of CW and FW. At last, WC 1 WC 3 and WC 2 WC 4 will induce two signals with the same frequency as excitation signal. And WJ 1 WJ 3 and WJ 2 WJ 4 are also can induce the same frequency signal. When the excitation signal is u presented as Eq.1. Then 4 voltage signals will be produced in the secondary windings of resolver transformer, shown as Eq.2~Eq.5. In these equations, k C , k J are the transformation ratio of CW and FW; p is the pole number of FW. Conversely, we can use these sine voltage signals to determine the rotor electrical angle θ by using special hardware and software. Fig.2 illustrates the voltage signals produced by CW. u=U 0 sinωt.
u c1c3 =k c U 0 sinωt sinθ.
u c2c4 =k c U 0 sinωt cosθ.
u J1J3 =k J U 0 sinωt sinpθ.
u J2J4 =k J U 0 sinωt cospθ.
Architecture of Decoding Circuit The architecture of decoding circuit based on AD2S80A [6] is illustrated in Fig.3 which shows the AD2S99 produces excitation signal injected into CW and FW and two AD2S80A chips are responsible for formatting the analog voltage signals into two groups of 16-bit parallel natural binary digital word. The AD2S80A is remarkably tolerant of input amplitude and frequency variation because the conversion depends only on the ratio of the input signals. Consequently there is no need for accurate, stable oscillator to produce the reference signal. The inclusion of the phase sensitive detector in the conversion loop ensures a high immunity to signals that are not coherent or are in quadrature with the reference signal. The ω as the synchronous frequency reference(SYNREF) modulated by the signal u J1J3 and u J2J4 is provided to the exciting chip AD2S99 to make sure decoding synchronization. At last, two groups of 16-bit codes are transferred to MCU to be corrected by using FCH2BCA. AD2S80 is a series of special chips manufactured by TI company [7] for the resolver decoding. AD2S80A is a member of AD2S80 series. It internally integrates a phase sensitive detector which is a Type-II closed-loop system to automatically regulate the angular position φ by a high speed counter to the actual position θ. When u c1c3 and u c2c4 are transferred to AD2S80A, trigonometric terms sin(θ-φ) and sin(pθ-φ) will be induced from the Eq.6~Eq.7 using the angular position φ counting by inner high speed counter. Then we can have the actual position θ by increasing or decreasing the value of φ to make sin(θ-φ) and sin(pθ-φ) equal to zero. u Ce = u c1c3 cosφ-u c2c4 sinφ= k c U 0 sinωt sin(θ-φ).
(6) u Je = u J1J3 cosφ-u J2J4 sinφ= k J U 0 sinωt sin(pθ-φ).
Fine code high 2-bit based correction algorithm (FCH2BCA) FCH2BCA is a decoding correction algorithm that only modifies the high three-bit based on the value of bits aligned by the formatted codes from CW and FW , illustrated in Fig.4 . The first AD2S80A chip, in Fig.3 , formates the signal from CW into the coarse code C 1~C16 and the second one formates the signal from FW into the fine code J 1~J16 . Then the FCH2BCA is responsible for formatting these two groups of codes C 1~C16 and J 1~J16 into a combined 19-bit code D 1~D19 . The parameters of resolver used by this paper are list in table 1. Because the pole number of CW is 1 and that of FW is 8 which divides 360 into 3 360 / 2 , so J 1 is aligned to C 4 and C 16 is aligned to J 13 . Any pair of bits in aligned coarse code C 1~C16 and fine code J 1~J16 have the same weight. That means the weight value of J 1 is equal to that of C 4 which has the resolution of 4 360 / 2 and the weight value of J 13 is equal to that of C 16 which has the resolution of 16 360 / 2 . Intuitively, C 4~C16 is supposed to be equal to J 1~J13 . But in fact, they are always different because of various errors. Apparently, the fine code has better resolution than the coarse code and the coarse code has larger dynamic range than the fine code. So FCH2BCA use J 1~J16 as effective code D 4~D19 and modifed C 1~C3 as D 1~D3 which is modified by "±1" based on the arrangment of the four bits J1,J2,C4,C5.
There are some situation that make the decoding results confused. For instance, when you measure an actual angle 180° by using decoding system proposed by this paper, the coarse code will be "1000000001000000" and the fine code "1111111111101101" which represents the angle 181°21′5″ and 44°59′15″ respectively. Inspecting these two codes, we can find that C 4~C16 is "0000001000000" and J 1~J13 is "1111111111101". Only the bits J 12 and C 15 are the same and other bits are opposite. When we simply combine the C 1~C3 and J 1~J16 as D 1~D19 we can have code "1001111111111101101" which represents angle 224°59′13″. In this instance, the coarse code does carry before the fine code so as to the high 3 bits of coars code needs to subtract 1. After subtracting operation, we can get the modified code 0111111111111101101 which represents angle 179°59′13″. The essential reason is the coarse code does carry earlier or borrow later than the fine code does. So we must modified the high 3 bits of the coarse code by plus or minus 1 to avoid D 1~D19 becoming Fig.5 shows the physical test platform including two parts which are servo system and decoding system. Fig.6 shows the software interface of the servo system which is responsible for controlling In Fig.7 , we can find the modified and unmodified codes in the WATCH WINDOW of CSS3.3. The measured angle is 3.141365051 rad which is equal to 179°59′13″. Table 3 gives experimental data, and the modification results is list in Table 4 . Because the position of the resolver is driven by the motor controlled by a servo control system, so it's normal to find different results corresponding to the same given angle 45° by user in last two rows of Table 3 and Table 4 . The experiment result shows the error is below 1 arc minute.
Experiment and Results

